In recent years, inverters have been the most popular part of electrical drivers in variable voltage and frequency applications. Also multilevel inverters have gained interest in high power applications because of their advantages in high voltage and high power levels with low harmonic content. In this paper, basic structure of three-level inverter is introduced and its two modulation strategies are compared. One of the modulation algorithms is SPWM (Sinusoidal Pulse Width Modulation) technique where a sinusoidal modulation signal is compared with two triangle signals to obtain the three-level at the output phase voltage of the inverter. A simple SVPWM (Space Vector Pulse Width Modulation) algorithm is also realized. In this technique, three nearest vectors can be selected easily and switching sequence and switching times are calculated by using the vector position. Both techniques are simulated by using MATLAB/Simulink package program and applied to the RL and motor loads. Comparative results are given.
Introduction
In industries, where variable speed drives are required, induction motor drives are important. There are vairous strategies for control such as scalar control, vector control or field oriented control. In the literature, the inverters with having three levels or more than three levels on their output phase voltages have been named as multilevel inverters [1] [2] [3] . Multilevel inverters (MLs) have been usually applied to high power medium voltage applications due to their low switching frequency and less total harmonic distortion (THD) [1, 4] . Voltage stress of the each switching device is reduced because of the voltage share on the circuit. Besides, their harmonic content is reduced in higher levels. For example, three-level structure has less harmonic content than that of twolevel structure at the same switching frequency [4, 5] . A schematic diagram of an H-Bridge multilevel inverter is shown in Fig.1 . Three-phase output voltage waveforms are generated by various switching combination of the switches in the H-bridge inverter. As a result, three-level at the output phase voltage waveforms is obtained as +E/2 V, 0 V, -E/2 V. Number of H-bridges of each phase can be increased for getting higher levels. Number of H-bridges for each phase can be calculated using Eq. m is always an odd number in H-bridge multilevel inverter structure. The numbers of H-bridge are determined by considering the desired output voltage and harmonic contents [1, 6, 7] . [8] . To increase the number of output levels, number of carrier signal is increased keeping the reference signal. Number of carrier signal (N carrier ) and modulation index (M i ) are given in Eq. (2) and (3), respectively.
The carrier signals and reference signals are compared as shown in Fig.2 in three-level SPWM. 
Analysis of SVPWM Technique for Three-Level Inverter
Main aim of modulation techniques is to get less harmonic distortion, less switching losses and large modulation ratio. For this reason, many modulation techniques have been improved. Recently, SVPWM technique has become more popular because of achieving the goals mentioned above. Besides these advantages of SVPWM, it has some disadvantages such as complex calculation procedures [15, 16] . Switching states and active voltage levels can be calculated by using Eq. (4) and (5). Possibilities for all switching states are given in Fig.3 . Also switching states of the three-level inverter is listed in Table1. x represents u, w and z phases, respectively [15] [16] [17] . Ayse KOCALMIS BILHAN, Sedat SUNTER
T +T +T =T (6) where; T S is the sampling time, V U , V V , and V W are three adjacent vectors and T U , T V and T W are vector duration times. Vector, V* falls into one of the six sectors depending on the vector angle, θ and it is calculated by using Eq. (7) and (8) . V α and V β are used to determine the reference vector. The three-phase variables transforms to equivalent two-phase variables. Table 2 defines the sectors and their regions. [20] [21] [22] .
The other important issue is to estimate position of the voltage vector (V*) correctly. To achieve this, some geometrical equations illustrated in Fig.4 and given with Eq. (9-10) are used. Table 2 . V* Position in Three-Level SVPWM Diagram 
It is important to notice that only one switching device is at any time. The switching sequences for each region located in Sector A are given below using all switching states. "1" represents +E/2 V, "0" represents 0 V, and "-1" represents -E/2 V output voltage levels. For three-level SVPWM, space vector diagram and equations for switching times in Sector A is given in Fig.6 and Table 3 , respectively. 
where n is constant. m SVPWM is a modulation index of SVPWM and it is defined as; Fig.7 shows MATLAB/Simulink model of the whole system for both SPWM and SVPWM techniques. "A Phase", "B Phase" and "C Phase" blocks in Fig.7 contain H-bridge inverter structures. In these blocks, output voltages are synthesized. "E Source", "E Source1" and "E Source2" blocks are independent DC voltage source blocks. They are input to each H-bridge inverters and they are all isolated from each other. "Switching Signals of Phase A", "Switching Signals of Phase B" and "Switching Signals of Phase C" blocks produce switching signals using SPWM and SVPWM techniques as explained in the previous sections. Hz and m=0.8 using SVPWM for R=100 Ω, L=0.1 H passive load.
Modelling and Simulation
As can be seen from the results that the output voltage wave forms have three-level in lower modulation index of 0.2 and five-level in higher modulation index of 0.8. As can be easily noticed that current waveforms with SVPWM have better sinusoidal shape for all conditions comparing to the current waveforms with SPWM. It can be also observed that operating range of SVPWM is higher than that of SPWM. As a result, SPWM uses bigger modulation index to get same output voltage as SVPWM. This is given in Eq. (12) as;
In Fig.12 and Fig.13 , simulation of SVPWM has been repeated for an induction motor load. The results have been taken at no-load conditions. 
Conclusions
The space vector PWM method (SVPWM) and the sinusoidal PWM method (SPWM) for three level inverter using H-bridge topology have been modelled and simulated. Simulation results have been taken for R-L passive load and motor load for both methods. A proposed method (SVPWM) has shown better performance than classical conventional method (SPWM). From the results it is clear that, SVPWM gave less current ripple, THD than the SPWM modulation scheme. The proposed algorithm can be easily applied to multilevel inverters. It is more difficult to realize both digital and analog applications of SPWM method to multilevel inverters comparing to the SVPWM method. The proposed control algorithm given for the three-level inverter can be easily applied to multilevel inverters. It has been shown that high quality waveforms at the output of multilevel inverters can be reached by using proposed method.
